INTRODUCTION
The prevalence of children and young people (CYP) with life-limiting conditions i (LLCs) is increasing, with numbers in England estimated to be over 40 000. 1 2 Although many of the individual diagnoses are rare, as a group, CYP with LLCs represent a larger patient population than many other long-term conditions in children (eg, diabetes mellitus). 3 CYP with LLCs have unpredictable disease trajectories, but typically have complex healthcare needs-often with repeated hospital admissions, particularly at end of life. 4 5 During childhood, care is usually coordinated by tertiary paediatric specialists or community paediatricians. Although the WHO definition of children's palliative care states that "It begins when illness is diagnosed, and continues regardless of whether or not a child receives treatment directed at the disease", 6 paediatric palliative care specialists are often not involved until later in the disease process. Identifying CYP who would benefit from specialist input earlier may be beneficial to them and health and social care services.
Until now, there has been no published research estimating the proportion of CYP with LLCs who were not clinically stable and therefore in greater need of input from specialist paediatric palliative care services. This study used routinely collected national healthcare data to identify CYP with LLCs in Scotland, their clinical stage and risk factors for instability.
PATIENTS AND METHODS Definition of LLCs
Individuals with LLCs were identified using a previously developed ICD-10 7 coding framework, 2 What is already known on this topic?
▸ National prevalence of children and young people (CYP) with life-limiting conditions (LLCs) is rising in England. ▸ CYP with LLCs have complex healthcare needs-often with repeated hospital admissions, particularly at end of life.
What this study adds?
▸ In each year, over 2200 CYP with LLCs in Scotland are unstable, deteriorating or dying. ▸ Children under 1 year of age are more likely than older children to be unstable, deteriorating or dying. ▸ CYP from South Asian, Black or Other ethnic groups are more likely to be unstable, deteriorating or dying than White children.
i Life-limiting conditions (LLCs) are those for which there is no reasonable hope of cure and from which children or young people will ultimately die prematurely, for example, Duchenne muscular dystrophy or neurodegenerative disease. Life-threatening conditions (LTCs) are those for which curative treatment may be feasible but can fail, for example, cancer. LLC will be used throughout this paper to include LLCs and LTCs.
further refined by removing International Classification of Diseases, 10th Edition (ICD-10) codes where, in the current data set, no individuals had died (information not available when the original framework was developed).
Data sets used
Extracts from the following routinely collected data sets were used (see online supplementary figure S1 and table S1) All data were analysed within the NSS Electronic Data Research and Innovation Service (eDRIS) safe haven. 8 The presented results underwent disclosure control. 9 
Data management
Data linkage was undertaken by the eDRIS team. A probabilistic algorithm using surname; first initial (forename and second initial if available); sex; year, month and day of birth and postcode was used to match individuals in each data set to the population spine data set (Community Health Index (CHI) index) which contains personal identifiable data for all individuals in Scotland who have used an NHS Scotland service (including general practitioner registration). 10 False-positive and falsenegative rates in the matching are kept close to 1%. 10 The data sets were then linked deterministically using the CHI number.
There were multiple sources of demographic information. Individuals were assigned the most commonly recorded gender. The various ethnic groups recorded were collapsed to four main groups: White; South Asian (Indian, Pakistani and Bangladeshi); Black; Other (including mixed ethnicity) and then the most commonly recorded ethnic group (excluding 'not known') was assigned to each individual. Date of birth was assigned as the most commonly recorded date. Individuals were assigned an age group (under 1; 1-5; 6-10; 11-15; 16-20; 21-25 years) in each financial year based on age at the start of the first record for that year.
Five population-weighted deprivation categories, using the Scottish Index of Multiple Deprivation (SIMD) 2009, with 20% of the Scottish population in each category, were assigned by eDRIS using Data Zone (the Scottish Government's preferred small geography area) 11 of residence. SIMD is a national areabased measure of relative deprivation which consists of 35 indicators in seven domains. 12 Individuals were assigned the first deprivation category recorded each year.
LLC diagnoses were categorised into 11 groups based on the main ICD-10 chapters: neurology, haematology, oncology, metabolic, respiratory, circulatory, gastrointestinal, genitourinary, perinatal, congenital and 'other'. Individuals may have more than one LLC diagnosis. A primary diagnosis category was defined as the modal diagnosis category in the first diagnostic field in SMR01 and SBR records for that financial year. If there was no mode, the first record for the financial year was used.
If there was no SMR01 or SBR record in a given year, the preceding year's primary diagnostic group was used.
Dates of death were based on the death registration data. Other sources (SMR01, SMR06 and PICANet) replaced only invalid (more than a day before the last inpatient admission) or missing dates.
Analyses
All data analyses were performed using Stata V.12 (StataCorp. Stata Statistical Software: Release 12. College Station, TX: StataCorp LP, 2011).
Cohort identification
The study cohort was defined as all individuals with LLCs resident in Scotland and aged 0-25 years between 1 April 2009 and 31 March 2014 (in this period, all data sets were available). To minimise left edge effects (where some CYP diagnosed prior to 2009 but who were still alive and resident in Scotland with LLCs may be missed), LLC was assigned to an individual if any of their SBR or SMR01 records from 1 April 2003 to 31 March 2014 contained a framework ICD-10 code. Each year, individuals were deemed alive and resident in Scotland if they had a record in the SBR, SMR01 or community prescription records. LLC prevalence per 10 000 population was calculated with population at risk determined from census-derived mid-year estimates.
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95% CIs were calculated using a normality assumption. 14 
Clinical stage
Four clinical stages (stable, unstable, deteriorating and dying) in palliative/end-of-life patients have been previously defined. 15 16 The Palliative Care Funding Review (PCFR) in England of adults and children aimed "to develop a classification system which categorising palliative/end-of-life patients in according to level of need, which is capable of categorising palliative and end of life patients into meaningful groups based on comparable intensity of care needs and similarity in resource use". 15 In the PCFR, the phase of illness (clinical stage) was a subjective measure by the clinician in charge of care but for both adults and children this was the most important factor in determining the intensity of care need and resource use. In this current study, we have reversed this process by defining clinical stage using an objective measure of healthcare use (figure 1): ▸ Entering unstable stage: an unplanned admission to hospital lasting >48 hours. More than 48 hours was chosen to avoid including children who had emergency admissions for service availability issues (eg, 17:00 on Friday) rather than level of illness. ▸ Entering deteriorating stage: an emergency admission to an intensive care unit or paediatric intesive care unit (PICU). ▸ Entering dying stage: the last 28 days before death (an arbitrary time prior to death was required and due to very small numbers of CYP dying, this was the only acceptable classification). Individuals were stable when not in one of the other stages, for example, only appearing in the prescribing data or only having planned inpatient hospital stays.
The most severe clinical stage was determined for each cohort member in each financial year. Sensitivity analyses were undertaken, classifying individuals at 1-month, 3-month and 6-month intervals and varying the transition criteria, for example, entering unstable: any unplanned admission; entering deteriorating: any PICU admission requiring ventilation and entering dying: 14 days prior to death. These results could not be released from the safe haven due to disclosure concerns.
The yearly percentage of cohort members in each clinical stage was calculated overall, by age group, deprivation category and diagnostic group. Analyses by ethnicity could not be disclosed due to small numbers. In each set of analyses, individuals with data missing for the variable under consideration were excluded.
Statistical modelling
Due to small numbers, the non-stable categories were combined to create a single binary outcome variable (stable=0; not stable=1) for modelling. Age group, deprivation category, ethnicity, primary diagnostic category and gender were identified as predictors.
The data were clustered by individual with possible dependence in stability across multiple years, requiring a multilevel model. A random intercept logistic regression model was used, showing individual rather than population effects. Level 1 corresponded to financial years and level 2 to the individual. Further details are given in the online supplement.
Univariable analyses
Univariable random intercept logistic regression models were generated for each of the candidate predictors: age group, deprivation category, ethnicity, primary diagnostic category and gender. 
Multivariable analyses
For the multivariable model, candidate predictors were added in turn and retained if their OR for risk of instability was significantly ( p<0.05) different from 1 or their inclusion improved model fit (a decrease of >2 in Schwarz's Bayesian Information Criterion (BIC) 17 18 ). Individuals were excluded from the model in a given year if, in that year, they had missing data for any of the predictors.
RESULTS

Refinement of diagnostic codes indicating LLCs
Codes F80.3 (acquired aphasia with epilepsy (LandauKleffner)), Q74.8 (other specified congenital malformations of limbs) and Q44.5 (other congenital malformations of bile ducts) were removed from the coding framework.
Missing and conflicting data
Gender, date of birth and deprivation category were missing or conflicting for less than 1% of individuals. Ethnicity was missing for 4620 individuals (22.6%), with 173 conflicts.
Fewer than 10 individuals had inconsistent dates of death. Sixty individuals had dates of death discarded due to at least one SBR or SMR01 episode beginning after the last recorded date of death. 
Numbers of CYP with LLCs in Scotland
Clinical stage
Each year, between 2201 and 2310 cohort members (14-19%) had at least one period of instability (see online supplementary Table 1 Cohort demographics: for demographics that are constant across years, the number of individuals over the whole study period is provided; for demographics that do change across years, such numbers are not meaningful and these are marked 'N/A' Number of persons in the cohort with under 1-year-olds and those in the most deprived categories most likely to experience instability, while those with perinatal conditions were most likely to be stable.
Univariable analyses
Individuals under 1 year of age were most likely to experience instability, 5.84 (95% CI 5.26 to 6.48) times more likely to experience instability than the 1-5-year-old reference group. Children aged 6-10 years were less likely to experience instability (OR 0.60; 95% CI 0.54 to 0.67), while those aged 11-years old to 25-years old were more likely to experience instability ( were more likely to experience instability than those of White ethnicity.
There were differences in risk of instability by deprivation category, with the least deprived group less likely (0.81, 95% CI 0.72 to 0.91 times) to experience instability than the most deprived group. There were also differences by primary diagnostic category. With congenital conditions as the reference category, all other primary diagnostic groups were associated with a higher risk of instability except perinatal conditions (OR 0.27, 95% CI 0.23 to 0.32) and circulatory conditions (OR 0.64, 95% CI 0.53 to 0.78).
Multivariable analyses
Age category, gender, ethnicity, deprivation category and primary diagnostic category were included in the final model (table 3) .
Age was a significant predictor of instability. (OR 1.58, 95% CI 1.04 to 2.41) and Other (OR 1.33, 95% CI 1.02 to 1.74) than White CYP.
Deprivation category was not a significant predictor of instability, but inclusion improved model fit (as indicated by BIC).
Primary diagnostic category was a significant predictor of instability. With congenital abnormalities as the reference category, most other primary diagnoses indicated a higher risk of instability. Only CYP with a perinatal primary diagnosis had significantly lower risk (OR 0.23, 95% CI 0.19 to 0.29). Primary circulatory diagnoses did not indicate a significantly different risk to the reference group (OR 0.89, 95% CI 0.72 to 1.09).
As many ethnicity data were missing, a sensitivity analysis was carried out excluding ethnicity from the model (see online supplementary table S4). Only circulatory primary diagnoses had an OR for instability under this model that was significantly ( p<0.05) different from the OR under the model including ethnicity. ORs for other predictors did not differ significantly between the two models, although individuals in the most deprived category were significantly more likely than those in the least deprived category to experience instability according to the model excluding ethnicity-the two categories were not significantly different in the model including ethnicity.
DISCUSSION
This study identified increasing numbers of CYP with LLCs living in Scotland, with over 2200 experiencing at least one episode of instability each year. These individuals may benefit from input from specialist paediatric palliative care services. Children's Hospice Association Scotland, the largest provider of children's palliative care in Scotland, received approximately 115 new referrals each year and currently looks after 380 children and families ( personal communication). Therefore, the potential demand for palliative care in the age group 0-25-years in Scotland outstrips the current provision.
The prevalence of CYP with LLCs was higher in this study than previous estimates in Scotland and England, 1 2 due to rising prevalence over time and the ability to include individuals alive in Scotland with LLCs who did not have a hospital admission in a single year. The prevalence increased in all age groups except under 1-year-olds suggesting, in common with earlier studies, 1 2 19 that increased prevalence is due to improved survival times rather than increased incidence. This is the first study to assign clinical stage based on routinely collected clinical data. Previous approaches have used subjective clinical assessments of care needs, often linked to resource usage. 16 20-24 This limits assessments to individuals who come into contact with clinicians and may underestimate the stable fraction. Such estimates can vary widely by location, possibly due to differences between individual clinicians' assessments. 20 While the transition criteria used in this study were arbitrary, their application to the data was objective and consistent. All CYP identified with LLCs were included, whether or not they had any known contact with clinicians in a given year.
The results from the multivariate analyses highlighted groups with higher risk of instability who may therefore benefit from targeted input from paediatric palliative care specialists (eg, the under 1 age group, more than 6 times more likely than any other to experience instability). This input should be a combination of direct provisioning of palliative care and training and education of healthcare professionals.
CYP in minority ethnic groups are more likely to experience instability than the White population. This may be due to different diagnoses within the same broad diagnostic categories used in the model or differences in health-seeking behaviours. There are known differences between ethnic groups in the prevalence of LLC and critical illness, 1 2 25 diagnoses, 26 27 general access to medical healthcare and likelihood of hospital admission [28] [29] [30] and access to specialist palliative care services. 31 32 Deprivation category was not a significant predictor of risk of instability. It has been previously found that socioeconomic status did not significantly influence access to healthcare within Britain. 29 33 Other than age, the strongest predictors of instability were the diagnostic groups. The low risk of instability associated with perinatal diagnoses may reflect inclusion of individuals who had lifethreatening diagnoses/events around the time of birth or in the neonatal period but survived those and are no longer life limited.
Given that the clinical stage categories are based on clearly defined patterns of healthcare usage (eg, emergency hospital admission or PICU admission), they are useful in identifying clinical areas where integration of children's palliative care would be beneficial.
Strengths and limitations
This study used high-quality, linked, national healthcare data. The clinical stage definitions were arbitrary but based on clinical knowledge and their application is reproducible and objective. The definitions share some similarity with those previously defined, 16 particularly in emergency treatment defining the transition from stable to unstable phases, but differ in defining the deteriorating phase using PICU admission and the dying phase using a fixed period before death.
Cohort identification only required a life-limiting or lifethreatening diagnosis to be recorded once within the hospital data sets. This may result in including individuals who have had a life-threatening event but would no longer be considered life limited.
Cohort effects are evident and the lack of availability of the community prescribing data prior to 2009 may have accounted for some of the rise in prevalence and the rise in the number of stable CYP with LLCs (CYP only present in the prescribing data are, by the definitions used, stable).
Although this is a national study, small numbers in some of the categories restricted the analyses (eg, clinical stage by ethnic group or on a quarterly rather than yearly basis). It is possible that the high number of missing ethnicity data influences the presented association between ethnic group and instability, but the sensitivity analysis suggests there is no significant effect on other predictors. As ethnicity recording is improving over time, future studies should be undertaken to validate the present findings.
CONCLUSION
Each year, over 2200 CYP with LLCs in Scotland are unstable, deteriorating or dying and therefore would benefit from input from specialist paediatric palliative care services.
The under 1 age group and CYP of South Asian, Black or Other ethnicities are most likely to be unstable, deteriorating or dying and would benefit from targeted input from paediatric palliative care specialists.
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